A validated questionnaire to assess the impact of small bowel obstructions (SBO) on patients' quality of life was developed and validated. The questionnaire included measurements for the impact on the patients' quality of life in respect to diet, pain, gastrointestinal symptoms and daily life. The questionnaire was validated using 149 normal subjects. Chronbach alpha was 0.86. Test retest reliability was evaluated with 72 normal subjects, the correlation coefficient was 0.93. Discriminate validity was determined to be significant using the normal subject questionnaires and 10 questionnaires from subjects with recurrent SBO. Normative and level of impact for each measured domain were established using one standard deviation from the mean in the normal population and clinical relevance. This questionnaire is a valid and reliable instrument to measure the impact of SBO on a patient's quality of life related to recurrent SBOs; therefore establishing a mechanism to monitor and quantify changes in quality of life over time.
Introduction
Small bowel obstruction (SBO) is a common medical occurrence, most commonly a complication of surgery secondary to the formation of post surgical adhesions [1, 2] . It has been reported previously that 50%-93% of patients that undergo abdominopelvic surgery will develop adhesions [3] [4] [5] [6] and 35% will be hospitalized for a bowel obstruction within 10 years of the first surgery [1, 2, [5] [6] [7] [8] [9] . The diagnosis of SBO is based upon symptomatic complaints and radiological tests, with resolution of the SBO determined by improvement in radiological tests and/or resolution of patient reported symptoms in cases of nonsurgically treated obstructions [9, 10] . A wide variety of symptoms accompany a bowel obstruction, impacting multiple aspects of life. Patients with recurrent obstructions often have a limited or liquid diet requirement, experience pain in multiple areas of their bodies, and have gastrointestinal symptoms that impact their quality of life including bloating, nausea, vomiting, diarrhea or constipation, and the inability to plan or engage in normal social activities.
Currently, there is no validated tool to assess patient reported quality of life specific to patients experiencing SBOs. SBOs and the experiences of the patients with recurrent SBOs are not directly comparable to other gastrointestinal problems for which validated questionnaires are available. The questionnaire for patients with functional gastrointestinal disorders does not address pain or diet [11, 12] ; the QOL questionnaire for patients with a colostomy or ileostomy is not generally applicable to the SBO population [13, 14] ; the bowel function index is not complete and focused on opioid induced constipation [15] ; and the health related quality of life (HRQOL) measurement questionnaires are general and do not address the specific symptoms experienced by SBO patients [13, 14, 16, 17] . Furthermore, clinicians rely upon subjective, qualitative measures reported by patients presenting with symptoms of SBO. A quantitative noninvasive tool capable of being used in both acute presentation of SBO and also in routine care settings to track the symptoms and impact on QOL could allow for earlier interventions and can aid in measurement of treatment regimen efficacy for patients.
Therefore, we developed a questionnaire to provide an instrument to measure various aspects of life impacted by SBO specific to this patient population. This instrument was designed to assess the degree to which a patient's quality of life is affected by the symptoms of recurrent SBOs including the overall domains of diet, gastrointestinal (GI) symptoms, pain, quality of life (QOL) and medication requirements.
Experimental

Instrument Development
The questionnaire was developed by an independent physical therapy group that included treating therapists, the clinic's medical director, biostatisticians and collaborative scientists to address areas of life impacted by small bowel obstructions. Development was based on standard clinical observations and patient responses over the course of 4 years from intensive interviews with patients whose lives were disrupted by bowel obstructions. We noted histories, symptoms, pain, diet, concerns for the future, and other conditions that patients reported as negatively affecting their quality of life. This instrument was designed to measure improvement of self reported symptoms related to SBOs after physical therapy treatment for abdominal adhesions. A total of 48 English speaking patients provided feedback during the development of the instrument, 34 female and 14 male with an average age of 53.9 ± 16 years. Each of the patients had experienced recurrent SBOs, ranging from two episodes over their lifetime to monthly episodes of partial SBOs. During the initial interviews with the physical therapists that lasted on average 60 min, patients were queried regarding symptomatic complaints that were current as well as those experienced during a partial SBO episode. The physical therapists noted the symptoms that caused the patients the highest degree of stress and negative impact upon their life. Based upon the symptomatic complaints from these 48 patients and scientific input, the questionnaire was developed to assess the most common symptomatic complaints of this patient population. The questions were designed to be easy to understand and administer, to provide an overall quantitative score for the impact on quality of life due to SBO, and to provide an unbiased report of QOL irrespective of age, level of education, gender or economic status.
A total of 38 questions were used in the final questionnaire. Questions were divided into domains of diet, GI symptoms, pain, medication requirement, and overall QOL, with additional pain rating sections utilizing the standard pain scale as well as duration of pain. There were five possible responses for the diet, GI symptom, pain, medication and QOL questions, which were based upon the number of days over the last month that the subject experienced the symptom described in the question. Positive associated experiences were scored from 4 to 0 with 4 being experienced virtually every day (28-30 days over the last month) and 0 being experienced never or almost never (fewer than 3 days over the last month). Negative associated experiences were scored from 0 (experienced virtually every day) to 4 (experienced never or almost never). The score for pain duration was rated from 0 (no pain) to 5 (pain lasting longer than 3 h) and values for the level of pain experienced were rated from 0 to 10 using the standard pain scale. The survey and scoring grid is located in Tables S1-S3.
Data Collection
Data were collected from two distinct populations: patients with a history of SBO in a focus group, and a population of normal subjects obtained using the online service Survey Monkey (Portland, OR, USA). The questionnaire was formatted for use on Survey Monkey to establish values for each question and domain for a normal population. Subjects with a history of abdominal or pelvic surgery, bowel obstructions, radiation or chemotherapy were excluded from the study. The SBO questionnaire was included in its entirety with the addition of questions for demographics (gender, education, household income, marital status) and one quality assurance question in which the respondent was instructed to select a specific answer. Subjects were between the ages of 18-65 and no identifying personal information was collected from subjects in the Survey Monkey arm of the study.
A subset of subjects was re-contacted by Survey Monkey to complete the survey again 44-46 days after completing the survey the first time to allow for assessment of test-retest validity for the survey. It was assumed there would be no variation in symptoms over the 6 week time frame. Validation of the questionnaire in subjects with a history of recurrent SBOs was performed using a focus group of 10 patients. These patients were treated for abdominal adhesions in the clinic and had a history of SBO. MaGil Institutional Review Board approved this study.
Statistics
Descriptive statistics were calculated for all domains for both the normal population and SBO groups. Two tailed, unequal variance T-tests were performed for each domain for comparison of the means for the normal population and SBO patient population. Bonferroni multiplicity adjusted p values were determined using standard methods. All statistical analyses were completed using standard protocols in Microsoft Excel.
Results and Discussion
Study Population
The normal population included 258 subject-attempted questionnaires with 149 included in the final analysis, completed via Survey Monkey. Questionnaires in which the subject responded "yes" to questions regarding previous abdominal surgery (69 questionnaires) or previous SBO (7 questionnaires) were excluded from the analysis. An additional 62 questionnaires were excluded for either an incorrect answer to the quality control question or failure to answer 95% or more of the questions. A total of 234 questionnaires were kept for the final analysis, including both initial and retest questionnaires. A total of 10 SBO focus group patient questionnaires were included in the analysis. The sociodemographics of the subjects are located in Tables 1 and 2 . While the SBO population was mainly Caucasian male, the normal population group had a wide variation in all demographics and included 51% female subjects.
Validation Study
The primary analysis for reliability of the questionnaire in a normal population included 149 normal subject questionnaires for determining reliability and Chronbach's α. There were 72 repeat questionnaires which were compared to the first questionnaires values and retest validity determined by Pearson product-moment correlation. The normal population general statistics are located in Table 3 for each domain measured.
Reliability
The Chronbach α coefficient to assess internal consistency for the questionnaire overall in a normal population was 0.86. The split half coefficient was 0.88 for the normal population. The test-retest reliability was determined by calculation of Pearson's correlations for all normal subjects that completed the questionnaire twice using the SurveyMonkey platform. The correlation for the entire questionnaire was 0.93; and 0.93 for the calculated domains for this group of 72 normal subjects, demonstrating good reliability for this instrument and the established domains.
Validity
Discriminate validity was assessed by comparing the calculated sum-mean values for each of the domains for the normal and SBO patient populations to demonstrate that each population was distinct. Box and whisker plots showing the ranges for responses in each group are located in Figure 1 . There were clear differences between the two groups in all domains except pain and medication, which was to be expected, based upon published studies outlying the large percentage of the normal population with chronic pain [18] [19] [20] . Table 4 shows multiplicity adjusted p-values for comparing mean scores between the normal and SBO population, across all domains. All the cumulative quality of life domains (diet, pain, GI symptoms and QOL) showed a significant difference. Single question domains (medication, pain duration and pain scores) were more variable, however significant differences were observed in the duration and level of pain reported by the subjects with the SBO population reporting more severe, sustained pain.
Establishment of Normative Values for Domains
Normative ranges for each domain were determined based upon the 25-50-75 percentiles for each domain score ranges, while ensuring clinical relevance (See Table 5 ). The prescribed ranges were supported in the standard deviation for the respective domains in the normal subject population (Table 3 ). There are four distinct ranges for each domain: no impact, mild impact, moderate impact, and severe impact shown in Table 6 . The normative values for medication usage were assigned based upon clinical relevance; where it was determined to be clinically significant for any subject to require medication more than 10 days a month for this instrument. The ranges for pain duration and intensity are not cumulative and are represented in this questionnaire as single items to assess the change of pain experienced over time, in line with other validated questionnaires in use for various other conditions. No single range was identified as "normal" or "no impact" due to the variability in these measures that have been reported by others and the overall design for this questionnaire to be used as a tool to monitor change and/or improvements with treatment. A significant improvement or change in reported pain scores is accepted as a 2 point change per the FDA guidelines and large published studies, therefore a change in the visual analog pain scale of 2 points or greater is considered a significant change [21, 22] . Based upon our assigned ranges for all the domains, it was observed that 89.3% of the normal population fell within the defined no impact category for diet while only 10% of SBO subjects reported no impact in their diet. Within the pain domain, 83.2% of normal subjects reported composite scores within the no impact range, compared to 30% of the SBO subjects. The normal population scores fell within the no impact range for QOL and GI symptoms 98.6% and 96.6% respectively; the SBO subjects' scores for no impact QOL was 30% and 20% for GI symptoms. The definition of a normal population was quite broad for this study, excluding only subjects with a history of bowel obstruction, cancer, chemotherapy, radiation or surgery. Given these exclusionary criteria, it was expected that 10%-30% of the respondents would have a chronic pain, gastrointestinal disease or other contributory condition shifting their composite score for a domain outside of the no impact range that would be expected in a normal population [17] [18] [19] [20] 23] . 
Conclusions
To the knowledge of the authors, there was not a questionnaire specific for patients with SBO to quantify the impact of SBO on their overall quality of life prior to this study. This validated questionnaire allows for unbiased, qualitative assessment of changes in domains of life impacted by SBO symptoms that has been demonstrated to have good reliability and validity via Chronbach, split half and Pearson analysis. Furthermore, this questionnaire provides a tool for clinical trials and use in general practice that is noninvasive and patient-centered to monitor changes over time in the various domains of life impacted by SBOs.
SBO is a complex condition, impacting not only patients' gastrointestinal tract and pain levels, but also their ability to perform normal life tasks. A validated QOL questionnaire is needed given that a large proportion of the population have had or will have a non-malignant bowel obstruction secondary to abdominal or pelvic surgery [2, 7, [24] [25] [26] . This non-invasive, quantitative, self reporting instrument to determine the impact of the SBO symptoms on a patient's quality of life is useful to help examine disease progression, overall treatment efficacy, and to aid in decisions for treatment.
The limitations of this study include a small number of SBO subject responses in the focus group, however the discriminate validity was significant; therefore this is believed to not be an issue. Both genders were combined for this analysis and establishment of normative values for each of the domains; however, this is justified as there were no large variations between genders. In addition, the definition of a normal population for the purpose of the SurveyMonkey subject recruitment was not overly stringent in excluding those subjects with chronic pain or functional GI disorders. This was justified in the fact that these subjects are a part of the normal population and did not have a history of previous SBO.
